MISHRA, S., KRŠKA, B.: Temperature as the basic factor infl uencing phenological stages in Ziziphus jujuba Mill. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 1, pp. 89-96 The present study to fi nd a suitable base temperature for diff erent phenological stages in Ziziphus jujuba Mill". The data from the automatic meteorological station AMET located inside the orchard were used for the analyses. Since 2006, the automatic station has provided data on the atmosphere condition on a regular quarter-hour basis. The analysis was conducted on the basis of two years observations (2006)(2007). To fi nd out the suitable base temperature for phenology in jujube, we used the sum of active hourly temperatures (hour stages). Evaluations were carried out for each year, 2006 and 2007. In accordance with published data, the base temperatures above 7, 9 and 11 °C were used as threshold values for the phenology of jujube. Statistical evaluations of the data showed diff erences between 2006 and 2007. On the basis of active hourly temperatures (7, 9 and 11 °C), statistically analyzed avera ge 1 day diff erences during 2006 and 2007 were computed from the previous 10 days to fi nd out the diff erences between suitable and recorded dates of the start of each phenological phase, in days. On the basis of these results, 11°C is the most suitable base temperature for jujube. phenology, Ziziphus jujuba Mill., sum of active temperatures, base temperature Phenology is a study of the seasonal timing of events in nature: when fl owers bloom, trees come into leaf, buds break and so on. The precise timing of events in the natural cycle of the seasons o en determines the success or failure of individual plants. Deciduous trees burst bud only when the risk of late frosts is low, but not so long into summer that their annual period of photosynthetic activity is much diminished (Lechowicz, 2002) .
The present study to fi nd a suitable base temperature for diff erent phenological stages in Ziziphus jujuba Mill". The data from the automatic meteorological station AMET located inside the orchard were used for the analyses. Since 2006, the automatic station has provided data on the atmosphere condition on a regular quarter-hour basis. The analysis was conducted on the basis of two years observations (2006) (2007) . To fi nd out the suitable base temperature for phenology in jujube, we used the sum of active hourly temperatures (hour stages). Evaluations were carried out for each year, 2006 and 2007. In accordance with published data, the base temperatures above 7, 9 and 11 °C were used as threshold values for the phenology of jujube. Statistical evaluations of the data showed diff erences between 2006 and 2007. On the basis of active hourly temperatures (7, 9 and 11 °C), statistically analyzed avera ge 1 day diff erences during 2006 and 2007 were computed from the previous 10 days to fi nd out the diff erences between suitable and recorded dates of the start of each phenological phase, in days. On the basis of these results, 11°C is the most suitable base temperature for jujube. phenology, Ziziphus jujuba Mill., sum of active temperatures, base temperature Phenology is a study of the seasonal timing of events in nature: when fl owers bloom, trees come into leaf, buds break and so on. The precise timing of events in the natural cycle of the seasons o en determines the success or failure of individual plants. Deciduous trees burst bud only when the risk of late frosts is low, but not so long into summer that their annual period of photosynthetic activity is much diminished (Lechowicz, 2002) .
Fruits have varying amounts of climatic adaptation. Most of them grow only in either the tropical, subtropical, or temperate zones. For example, fruits such as apricot grow the best in the temperate, Mediterranean climate of uniformly cool winters and dry summers. However, jujube is adapted to grow from the equator to the Arctic Circle; it can grow also in temperate climates. The infl uences of temperatures on the phenological phases of jujube in a temperate climate were recorded by eff ect of temperature (Kim, Y. S. and Kim, W. S., 1984) .
Many phenological models are based on the concept of Degree Day. A degree day is defi ned as the difference between the daily mean temperature and base temperature. The daily mean temperature is generally computed as an average of the daily maximum and minimum temperatures. Over the course of the year, daily heat units are summed. Empirical evidence shows that phenological events are often triggered when a critical sum is exceeded (Spano et al., 1999) .
The biological cycle of fruit trees starts with the development of fruiting buds in summer. In response to both, shorter day length and cooler temperatures, these buds enter a period of dormancy. The start of growth of new reproductive structures is observed a er dormancy.
Chinese date (Ziziphus jujuba Mill.) is a deciduous tree growing at a moderate climate. Chinese jujube can withstand a wide range of temperatures; virtual ly no temperature seems to be too high in summertime. Winter dormancy allows it to withstand temperatures down to about −33 °C, yet it requires only a small amount of winter chill in order to set fruit (Depommier, 1988) .
Temperatures were recorded in two consecutive years, 2006 and 2007. The results have been eva luated by statistical methods to obtain the phenological characteristics of jujube in a temperate climate.
This study aims to fi nd a suitable base temperature for diff erent phenological stages in Ziziphus jujuba Mill.
MATERIAL AND METHODS
The present investigation on "To fi nd a suitable base temperature for diff erent phenological stages in Ziziphus jujuba Mill." is being carried out at the department of Pomology, Faculty of Horticulture in Lednice, Mendel University of Agriculture and Fores try Brno, in the Czech Republic.
Lednice is approximately 170 meters above the sea level, having the temperate climatic conditions prevailing in the south-eastern part of the Czech Republic, south Moravia. The average annual temperature in Lednice is 9.2 C° and annual rain fall is 480 mm.
Observations were performed in two consecutive years, 2006 and 2007, on 10 years old 12 jujube cultivars `Lang` and 3 seedlings from open pollinated Ukraine genotypes. The tree spacing was 3.50 × 1.26 m. These trials were performed to determine the favorable temperature for phenological age.
Measuring of temperature was made with the help of an automatic weather station AMET, located inside the orchard. Temperature measurements were logged at 15 min. intervals over 2 years. Each year the collected data was evaluated by statistics to obtain hourly averages, active temperatures above 7, 9 and 11 °C and phenological characteristics of jujube in a temperate climate. Identifi cation keys (BBCH) were used for the classifi cation of phenology in jujube (Meier et al., 1994) .
Observations were made in the following phenological stages:
Date of Bud break • is the date when the fi rst shoots emerge on a vine a er winter dormancy: BBCH 00: Beginning of bud swelling (leaf buds); light brown scales visible, scales with light colored edges 
Date of Blooming

RESULTS AND DISCUSSION
The seasonal development rhythms of the plant match with the length of growing period and refl ect seasonal and periodic weather conditions. The phenological observations show that the start of the growing period (bud-break) of Ziziphus jujuba Mill. starts on April, and intense growth is in progress during June-July.
During In cultivars, for temperatures above 7, 9 and 11 °C, the following diff erences were recorded be- The diff erences for phenological phases between cultivars and seedlings are presented in the Table II. Statistically analyzed average one day diff erences during 2006 and 2007 are computed from the previous 10 days to fi nd out the diff erences in days on the basis of above base temperature, 7, 9 and 11 °C. Results are available in the Table III. The one day diff erences in temperature were calculated using the sum of average one day diff erence for the same above temperature divided by two (reTemperature as the basic factor infl uencing phenological stages in Ziziphus jujuba Mill. The value of an average 1 day diff erence is divided by the absolute value of the diff erence of the sum of active hourly temperature between the year 2006 and 2007 for each phenological phase (tab. II). To obtain days for base temperature, division of diff erences i.e. 2031/327= 6.2 days for base temperature 7 °C. Using a base temperature of 11 °C, the diff erences (tab. IV) are minimal, and so this temperature seems to be the most suitable for the plant. On the basis of the diff erences between suitable and recorded dates for the start of each phenological phase the best base temperature for growing of Ziziphus jujuba Mill. was determined. The most suitable base temperature is 11°C, because of the minimum diff erences in all phenological phases, both in cultivars and the seedlings. In bud breaking the difference was 0.2 days for cultivars and 2.1 for seedlings, in fl owering 1.3 days for cultivars and 8.7 days for seedlings, which is not the minimum value. In this case a minimum value of 6.1 was achieved with a base temperature of 7 °C. In fruit setting the diff eren ce was 1.0 day for cultivars and 7.0 for seedlings. In fruit ripening the diff erence was 0.2 days for seedlings and 3.2 days for cultivars, which is not the minimum value. In this case a minimum value of 2.8 days was achieved with a base temperature of 7 °C, but the diff erence is very small, only 0.4 days.
Graph 1 shows that in the most cases, the diff e rences in the sum of temperature between years 2006 and 2007 for the same phenological phases are minimal, especially for cultivars, since greater diff erences were found for seedlings. 
CONCLUSION
On the basis of these results we can conclude, that in the most cases, the best base temperature for jujube is 11 °C.
In bud breaking the sum of temperature was almost the same in both years, for cultivars as well as seedlings, and the diff erences observed in the dates were because of the mild winter in 2007 and the long, cold winter in 2006. The average value of temperature sums from January, 1 st to bud breaking is 6022 °C for cultivars and 7708 °C for seedlings.
In fl owering, in 2007 the diff erence between cultivars and seedlings regarding the sum of temperatures was minimal. In 2006, seedlings needed more time to initiate fl owering. The average value of temperature sums from January, 1 st to fl owering is 26801 °C for cultivar and 29371 °C for seedlings.
In fruit setting, cultivars needed almost the same sum of temperatures in both years. Seedlings needed more time to initiate fruit setting in 2007. The average value of temperature sums from January, 1 st to fruit setting is 35333 °C for cultivars and 38050 °C for seedlings.
In ripening, cultivars as well as seedling needed a higher sum of temperature in 2007. The average value of temperature sums from January, 1 st to ripe ning is 67297 °C for cultivars and 67960 °C for seedlings.
Temperature sums for the same phenological stages are higher for seedlings than for cultivars.
All results presented in this work are based on two years of observations, and further observations over the next few years will lead to more precise conclusions.
1: Different phenological stages found on the basis of sum of active temperature at 11 °C, during the years 2006-2007
SUMMARY
Ziziphus jujuba Mill. is a deciduous tree growing at a moderate climate and originally came from China. Winter dormancy allows it to withstand temperatures down to about −33.4 °C, yet it requires only a small amount of winter chill in order to set fruit. The diff erences between particular climatic conditions cause pomological diff erences in fruits and diff erent timing of phenological phases in Ziziphus jujuba Mill. For the purpose of successful jujube growing in the temperate region of Middle Europe, the main aim of this research is to fi nd out a suitab le base temperature for diff erent phenological phases in Ziziphus jujuba Mill. Data from an automatic meteorological station AMET located inside the orchard were used for the analyses. Since 2006 the automatic station has provided meteorological data on the atmosphere condition on a regular quarter-hour basis. The analysis was conducted on the basis of two years observations (2006) (2007) . To fi nd out the suitable base temperature for phenology in jujube, we used sum of active hourly temperatures (hour stages). In accordance with published data, the base tem pera tu res above 7, 9 and 11 °C were used as threshold values for the phenology of jujube.
